Approaches to the formation of a dense and stable surface layer at the polarized liquid/liquid interface affecting the selectivity of the interfacial ion transfer are considered. Three examples of the preparation of such surface layers, including the silicate membrane, the ion-pair stabilized phospholipid film, and a polymer surface layer, are discussed. Relevance of studies in this area to modeling of the biological and technological membrane processes is highlighted.
Introduction
The formation of surface layers at the polarized liquid/liquid interface, also referred to as the interface between two immiscible electrolyte solutions (ITIES), offers a tool enabling to regulate the selectivity of the interfacial ion transfer, which could be important in modeling of biological or technological membrane processes. The most important step here is the formation of an adsorbed monolayer.
It has been shown that such monolayer can hardly be sufficiently dense and stable to influence the ion transfer reaction. There are at least two ways how to increase the stability and 
Preparation of a silicate membrane
One of the most common approaches to the preparation of thin porous materials and membranes is application of the sol-gel technology [1] . The synthesis usually starts in a single solution containing all the components.
Formation of a gel phase and its condensation are achieved by slowly changing the experimental conditions such as the solution pH or temperature. Polycrystalline films have been grown on various supports, and tetraalkylammonium cations have been often used in the sol-gel processing as the templates [2, 3] . The number of the carbon atoms in the alkyl chain has been usually smaller than four. The negative charge on the precursor anion is then compensated through the association with the positively charged template ion, thus enabling their aggregation and chaining. A very interesting and powerful modification of the classical sol-gel method including only the single-phase operations has emerged from the polarization studies at the ITIES (see, e.g., [4] ).
Its principal idea consists in the separation of the template and precursor ions participating in sol-gel processes by the liquid/liquid interface [5] . The sol-gel process is initiated by the potential-controlled adsorption of the template ions followed by their transfer from the organic solvent to the aqueous phase. The association of the positive template ions with the silicate ions at the aqueous side of the interface produces neutral species, which accumulate and form a compact layer.
When the template and the precursor are separated by the liquid/liquid interface, it is possible to control very finely the transport of the components to (or across) the interface by varying the interfacial potential difference, and thus to modify the properties of the formed porous film. This adds another dimension to the classical sol-gel processes, which can only be controlled by varying the experimental conditions in a single phase.
The overall reaction for the formation of a solid phase(s) at the ITIES could be described as [5] 4 TODA + (o) + Si 4 O 8 (OH) 4 4-(w) 
where TODA + is the template ion dissolved in the organic phase in the form of trimethyloctadecylammonium tetraphenylborate (TODA-TPB), and the precursor silicate ions (diluted water glass) are present in the aqueous phase.
This reaction scheme has been confirmed by the surface tension measurements ( Fig. 1 ) [6] . As it can be seen from Fig mM NaCl in water [6] . Cyclic voltammograms of the surface layer formation, which were recorded in the presence of ferro-or ferricyanides anions in the aqueous phase, are shown in Fig. 3 . It can be seen that for anions with a higher charge (curve b) the negative current peak is larger and shifts to more negative potentials, thus demonstrating effect of the precursor ion charge on the layer formation.
Similar effect was observed when the chemical composition of the water glass solution was changed by changing the solution pH.
Preparation of a stable phospholipid film
The behavior and properties of the phospholipid films formed by L-α-lecithin (DPPC) at the water/organic solvent interfaces have been recently studied electrochemically using the weakly acidified aqueous electrolyte solutions [9] . In the presence of an acid, the polar phosphate heads of the adsorbed DPPC protruding into the aqueous phase are protonated. Ce(SO 4 ) 3 2in the aqueous phase [8] .
The mechanism of the DPPC adsorption/ desorption at the ITIES has been proposed to follow the scheme [9]:
In the first step, the DPPC zwitterion L ± present in the organic phase (o) is adsorbed at the interface attaining the adsorption steady state or equilibrium. Subsequently, it undergoes an acid-base interaction with the hydrogen ions present in the aqueous phase (w), which leads to a steady state or even an equilibrium in the adsorbed state (step 2). The protonated form attains an adsorption/desorption steady state or equilibrium in step 3.
It has been supposed that the multiple charged cations like Ce 4+ interact with the phosphate group of the adsorbed phospholipids [7] . However, in the presence of a high concentration of sulfuric acid required to dissolve Ce 4+ in the aqueous phase, the phosphate group of the adsorbed phospholipid will be protonated (step 2 in mechanism (2) This reaction is more likely to occur than the reaction of Ce 4+ with the phosphate group of the adsorbed phospholipids. HL + (ad) consumed in the reaction (3) has to be replenished to maintain the acid-base equilibrium, (step 2 in mechanism (2)), which results in a higher density of the adsorbed layer.
The ion pair effect is demonstrated in Fig. 4 , which shows the voltammetric behavior of a DPPC layer in the absence (curve a) and presence (curve b) of cerium(IV) sulfate in the aqueous phase. The DPPC desorption peak, which is small and flat in the absence of cerium(IV) sulfate, becomes well-pronounced and sharp on addition of this salt to the aqueous phase. When the polarization rate is increased from 0.02 V s -1 to 0.24 V s -1 , the desorption peak shifts by 45 mV toward the more positive values. The DPPC desorption is a charging process and, therefore, the peak current is directly proportional to the polarization rate. The desorption peak height increases and the peak shifts toward more positive potentials with increasing the time delay at the initial potential, at which the DPPC layer is formed. We have shown that in the absence of the cerium salt the DPPC film is a monolayer [9] .
The total desorption charge equals to 0.2 C m -2 , which corresponds to the DPPC surface concentration of 2 × 10 -6 mol m -2 . The charge passed during the DPPC layer decay in the presence of cerium sulfate is substantially higher (cf. curves a and b in Fig. 4 ). This indicates that a multilayer is formed, as also follows from the substantially longer time of the layer formation at the initial potential. A strong inhibitory effect of the DPPC layer has been observed in case of the transfer of K + facilitated by a crown ether, which can start only after the DPPC layer is destroyed [8] . Essentially, the transfer rate is limited by the slow transport of the crown ether through the DPPC layer from the organic to the aqueous phase, where the complex is formed, permitting the passage of K + into the organic phase. These results also support the conclusion that the K + -crown complex is formed on the aqueous side of the interface, like in case of the Na + -crown complex [10] . Polarization rate, v = 0.06 V s -1 . CBBis the hexabromo derivative of the monocarborane (7, 8, 9, 10, 11, 12 -Br 6 -1-CB 11 H 6 ) -.
Similar inhibitory effect has been observed in measurements, which were carried out with TODA + instead of DPPC (cf. Fig. 5 ). Specifically, the TODA + layer has been found to inhibit the transfer of TMA + from the aqueous to the organic solvent phase. Like in case of DPPC, the inhibition depends on the time delay at the initial potential, i.e., on the thickness of the TODA + layer that is slowly formed. The observed effect also indicates that the Ce 4+ cation under an excess of H 2 SO 4 is present in the form of its anionic sulfate complex enabling an electrostatic stabilization of the adsorbed layer of the positively charged TODA + . It should be noted that these interactions are similar to those between TODA + and silicate ions observed with the alkaline aqueous electrolyte solutions [5, 6] .
In contrast, no such interactions has been found for the adsorbed DPPC in contact with the aqueous alkaline silicate solutions. Obviously, when DPPC is in the zwitterionic form, the ionic interactions are very weak, i.e., DPPC forms ion-pairs primarily in acidic media.
Preparation of a polymer surface layer
It has been shown that the adsorbed layers of surface active compounds dissolved in organic phase can be stabilized by a chemical reaction resulting in oxidation of the adsorbed monomers by a redox couple dissolved in water [11] .
Oxidation of the adsorbed monomer leads to the formation of a compact polymer layer.
Polymerization of the adsorbed monomers at the water/1,2-dichloroethane interface was studied using a series of the pyrrole derivatives. Several surface active pyrrole derivatives with one ( Fig.   6 ) or two pyrrole units (Fig. 7) in the molecule differing in the alkyl chain length were synthesized [11, 12] . Owing to a higher oxidation potential, the derivatives with one pyrrole unit in the molecule can be oxidized by a stronger oxidant like the aqueous Ce 4+ cation [11, 13] . In contrast, the lower oxidation potential of the derivatives with two pyrrole units in the Organic phase: 5 mM TBACBB, 1 mM monomer. CBBis the hexabromo derivative of the monocarborane (7, 8, 9, 10, 11, 12 -Br 6 -1-CB 11 H 6 ) -.
The effect of the applied potential on the surface tension in the presence of the monomers 1 and 3 is shown in Fig. 8, curves a Langmuir-type expression [11] .
A large effect on surface tension was observed upon an addition of Ce 4+ to the aqueous phase in the presence of monomer 3 (Fig. 8, curve c) , in which case the surface tension decreases and becomes independent of the applied potential. Consequently, the surface layer formed in the presence of Ce 4+ is very stable and does not desorb at low potentials.
Compression of the drop with the adsorbed layer leads to a typical, drop shape distortion, "a wrinkled skin", which does not vary with time.
These results indicate that the surface layer formed in the presence of Ce 4+ is not a simple adsorbed layer. Such behavior can be anticipated only when adsorbed molecules are bound together to some extent by the formation of a polymer layer. Surface tension in the presence of monomer 1 and 2 did not change significantly upon an addition of Ce 4+ to the aqueous phase and exhibits the same potential dependence as in the absence of Ce 4+ (Fig. 8, curve sulfate in the aqueous phase is shown in Fig. 9 .
The first scan (curve a, Fig. 9 ), recorded immediately after the filling the cell is the same as the reversible voltammogram recorded in the absence of Ce 4+ . With increasing the number of scans (recorded always after the 1 min delay), the potential difference of the forward and the reversed peaks increases and the peak currents decreases. Finally, almost no peak is observable on the 18 th scan (curve b). Area of the interface, 20 mm 2 . CBBis the hexabromo derivative of the mono-carborane (7,8,9,10,11,12-Br 6 -1-CB 11 H 6 ) -.
The effect of the polymer layer prepared from the monomers 2-5, Fig. 6 , on the transfer of H + facilitated by DB18C6 is negligible [11] .
The current peaks of this facilitated transfer do not depend on the presence of Ce 4+ in the aqueous phase. The facilitated transfer reactions proceed via the formation of a complex at the interface. Consequently, small pores filled with the aqueous phase in the polymer layer can be detected, if they are permeable for H + cations. In contrast, the polymer layers prepared from the monomers 6 and 7 (Fig. 7) [13] inhibit the proton transfer reaction assisted by DB18C6 ( Fig. 10 ).
Conclusions
The polarized liquid/liquid interfaces offer a very promising environment for the production of the thin and porous membranes with well-defined and reproducible properties, which can be readily modified chemically. Such membranes can find applications in analytical and preparative chemistry, as well as in modeling of various transfer processes at biological membranes. Using this approach the membranes supported on solid porous materials could also be prepared for applications in separation technologies.
